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THREE DEGREES OF FREEDOM AFT
MOUNTING SYSTEM FOR GAS TURBINE
TRANSITION DUCT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the aft mount-
ing system utilized by a gas turbine combustor transition
piece. Specifically, the mvention provides a support system
for accurately mounting the transition duct to the turbine
inlet section such that alignment adjustments between the
transition duct and the turbine inlet can be made 1n multiple
directions to the support system to compensate for thermal
expansion and manufacturing and assembly tolerances.

2. Description of Related Art

Gas turbine ducts are traditionally utilized to direct hot
gases from the combustor to the turbine inlet. Typically, for
can-annular combustors, where each combustor centerline 1s
not 1n direct line with the turbine 1nlet, this transition duct
includes a period where change 1n flowpath geometry occurs
in order to orient the hot combustion gases with the turbine
inlet.

While this technique of redirecting combustor gas flow
has been utilized for many years, increased demands for gas
turbine output and improvement in combustor and turbine
technology have allowed operating conditions to worsen,
putting an even higher demand on the transition duct. These
demands include higher operating temperature and pressure,
which 1n turn induce higher mechanical, aerodynamic, and
thermal loading.

Early support systems were comprised of gussets welded
to the aft ends of the outer duct walls and to a base plate,

which, 1n turn, was bolted to the turbine inlet frame. U.S.
Pat. No. 3,759,038 1ssued to Scalzo, et al.; U.S. Pat. No.

3,750,398 1ssued to Adelizzi; and U.S. Pat. No. 3,609,968
1ssued to Mierley, Sr., et al, show examples of welded gusset
support assemblies for transition ducts. A common shortfall
of this design 1s the extremely high mechanical and thermal
stresses seen 1n these fixed joints that can result 1n mechani-
cal failure, as well as an 1nability to compensate for manu-
facturing and assembly tolerances between the combustor
and turbine 1inlet.

Advancements from the fixed mount are pivoting mount
systems as shown i1n U.S. Pat. No. 3,481,146 1ssued to
Jackson, et al.; U.S. Pat. No. 2,457,619 1ssued to Buckland,;
U.S. Pat. No. 2,529,958 1ssued to Owner, et al.; and U.S. Pat.
No. 2,511,432 1ssued to Feilden, discuss mounting systems
for connecting flame tubes to turbine sections 1n which the
mounting systems have limited pivoting capability tangen-
fial to a circle coaxial with the engine centerline. These
linkage systems, while adequate for some thermal expansion
and manufacturing and assembly tolerances, are limited to
single pivot adjustments only.

A further advancement of a transition duct mounting
system 1s disclosed 1n U.S. Pat. No. 4,422,288, which
describes a hinge mount system for use 1n extreme tempera-
ture environments, where high thermal and mechanical
loads exist. While this mounting system 1s an improvement
over previous pivoting support systems, one problem of the
system includes its limited range of mobility. With the "288
coniliguration, the bracket 1s allowed to pivot only about one
axis (one degree of freedom), the tangential direction rela-
five to a circle with the center axis along the duct centerline,
similar to the device described in U.S. Pat. No. 3,481,146.

This movement 1s restricted by locking the mount down
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prior to mstallation by tightening the bolt and nut that runs
through 1ts pivot axis. While this mount 1s an 1mprovement
over fully fixed designs, such as gussets, for thermal and
mechanical loads and over prior pivot mounts due to 1ts fixed
position to eliminate vibration concerns, i1t does not
adequately satisly positioning requirements of the transition
duct to the turbine inlet to adjust for manufacturing and
assembly 1ssues.

The present invention, as disclosed below, allows the
manufacturer or end user to adjust the position of the
transition duct mount in three axes or directions to insure
proper lit-up of the transition duct to the turbine section.
While this position will be fixed during engine operation by
a fastener, adjustments can be made prior to fixing the
components 1n place or prior to engine installation if nec-
essary. Thermal expansion during operation 1s accurately
compensated to reduce system stress.

BRIEF SUMMARY OF THE INVENTION

The present mnvention provides an aft mounting system
for a transition duct and a turbine inlet that can be mounted
together and adjusted 1n three degrees of freedom. The
structural support system includes the capability of adjust-
ment of the transition duct mating flange to the turbine inlet
in three directions, as opposed to single axis adjustment that
1s currently available. The structural system in accordance
with the present invention includes a central bracket with a
central spherical ball mount that 1s affixed to the turbine inlet
housing at one end and the transition duct at the opposite
end, a dome plate that is affixed to the aft portion of the
transition duct having mounting fingers, and a fastener that
joins the central spherical ball mount to mounting fingers on
the dome plate.

The central bracket includes a central spherical ball mount
having a rigid, spherically-shaped body with a diametrical
passageway configured 1 a predetermined double-conical
shape. The passageway 1s conically tapered from the exact
center of the sphere to the outer surface of the sphere. The
conical passageway through the central spherical ball mount
allows a predetermined amount of relative movement 1n
three different directions or axial positions between the ball
mount that 1s affixed to the turbine inlet housing and the
dome plate that 1s atfixed to the transition duct. The struc-
tural arrangement provides for three degrees of freedom
between the transition duct and the turbine. The mounting
dome affixed to the aft end of the transition duct includes a
pair of mounting dome fingers. The spherical ball portion of
the central spherical ball mount that 1s affixed to the turbine
inlet 1s mounted 1n between washers and ring mounts, all of
which are held 1n place by a fastener that passes through all
the components and the conical ball joint passageway.

Therefore, 1n lieu of having a hinge jomnt with only a
single direction or degree of freedom, the present invention
provides for three different degrees of freedom, permitting
relative movement and adjustment between the transition
duct aft portion and the turbine inlet in three axes about the
gecometrical center of the central spherical ball mount por-
tion of the bracket. The equivalence of motion would be
cequivalent to a Cartesian coordinate, X, Y, Z three-axis
system that permits pitch, roll, and yaw about the axes center
point. Therefore, using the present invention, the transition
duct can be accurately aflixed and attached to the turbine
inlet section with greater ease, which allows for three
different degrees of freedom of relative motion in the
mounting structure. The size and contour of the conical
passage diametrically through the ball joint relative to the
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diameter of the locking bolt defines the maximum distance
of relative movement.

It 1s an object of the present invention to provide an
improved mounting system for the aft end of a gas turbine
combustor transition duct to the turbine inlet that provides
three degrees of freedom of relative movement to compen-
sate for manufacturing and assembly tolerances.

It 1s a further object of the present invention to provide an
improved mounting system for the aft end of a gas turbine
transition duct that i1s capable of withstanding extremely
high operational temperature gradients and mechanical
loads.

In accordance with these and other objects which will
become apparent hereinafter, the mstant invention will now
be described with particular reference to the accompanying,
drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 shows a side elevational view of a typical gas
turbine combustor 1n cross section.

FIG. 2 shows a side elevational view, partially 1n cross

section, of an example of a prior art fixed transition/turbine
inlet support structure.

FIG. 3 shows a side elevational view, partially 1n cross
section, of an example of a prior art unidirectional pivot
mounting structure.

FIG. 4 shows a perspective view of the present invention
installed on a transition duct (partial duct shown).

FIG. 5§ shows a perspective view of the present invention.

FIG. 6 shows a top plan view 1n cross section of the
present mvention.

FIG. 7 shows a top plan view in cross section with the
mounting bracket m a different relative position to the
mounting dome than that shown 1n FIG. 6, demonstrating
the adjustment capability of the present invention.

FIG. 8 shows a diagram of the conical passageway,
fastener, and the three degrees of motion.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a typical prior art gas turbine engine
1s shown 1n full cross section. The engine 10 1s comprised of
an air inlet 11, axial compressor 12, multiple can-annular
combustors 13, each with their respective transition ducts
14. The transition ducts 14 are connected to an axial turbine
15. Combustion gases exit turbine 15 into exhaust plenum
17. Gas turbines of this variety are typically used to generate
electricity, which 1s accomplished by connecting a separate
generator (not shown) to the gas turbine via shaft 16. Air
enters through inlet 11 and passes through compressor 12.
Compressor 12 1s connected to turbine 15 via axial shaft 16.
Fuel mixes and reacts with the air inside multiple combus-
tion chambers 13. The hot gases are then transferred to the
turbine 15 via transition ducts 14.

FIG. 2 shows a gas turbine transition duct within an axial
flow gas turbine as detailed in U.S. Pat. No. 3,750,398. This
example of prior art utilizes a fully fixed mounting assembly.
The gas turbine engine 20 includes an outer case 21 and
inner case 22. The first stage of turbine blades and nozzles
are shown as components 23 and 24, respectively. The
combustor aft end 25 mates with the transition duct 26. This
duct directs the hot combustion gases toward turbine nozzles
24. Rigidly mounted to transition duct 26 1s a gusset 27,

10

15

20

25

30

35

40

45

50

55

60

65

4

which extends radially outward toward inner case 22. Rig-
1dly fixed to gusset 27 1s a mounting flange 28. This flange
uses a bolt 29, for fixing the gusset and hence transition duct
to the turbine 1nner casing 22. As previously indicated, this
type of rigid mounting structure has been known to result in
extremely high mechanical and thermal stresses 1n the fixed
joint. A fixed structure such as the gusset design shown 1n
FIG. 2 does not compensate for relative radial and circum-
ferential thermal growth, as well as dimensional tolerances
between the interfaces of combustor 25, transition duct 26,
and turbine mner casing 22.

Referring now to FIG. 3, another example of a transition
duct aft mounting technique 1s shown. The transition duct 40
contains aft mounting system 41. This mounting system 1s
comprised of a circular mounting ring 42, bracket 43, hinge
bolt 44, and turbine case bolt 45. Transition duct 40 mates
with turbine inlet 46 and 1s held 1n place using aft mounting
system 41. The advantage of this system over other
examples of prior art focus on the hinge mechanism that
allows radial thermal growth between the transition duct 40
and turbine 1nlet casing 47. The bolt 44 1s locked tight such
that the hinge joint 1s not allowed to freely move under
engine vibrations that could cause fatigue failure of the joint.
Some motion can be absorbed by this joint, unlike previous
welded support assemblies as shown 1n FIG. 2. Though this
1s an 1improvement, 1t 1s limited 1n range of motion to a single
degree of freedom to absorb thermal growth as well as to
adjust for manufacturing and assembly tolerances.

The present invention, shown 1n full perspective in FIG.
4, improves upon the disadvantages of the prior art by
allowing compensation for thermal growth and manufactur-
ing and assembly tolerances 1n all three directions of rota-
tion. The 1nvention i1s shown fully assembled at 61 and
mounted to the aft end of transition duct 60 near the
transition duct exit frame 72 that 1s mounted to the turbine
inlet housing (not shown).

The present invention 1s shown in greater detail in FIG. 5.
The 1mproved aft mounting system 1s welded to transition
duct 60. Assembly 61 1s comprised of a mounting dome 62
with two fingers 63. Each of these fingers has through holes
for fixturing the multi-axis central bracket 64.

The central bracket 64 i1ncludes a central spherical ball
mount 65, which allows for multiple axis rotation relative to
the dome plate. Mated to the central spherical ball mount 65
are two disposable washers 66 that are contoured to the ball
mount surface. Each of these washers are located within
machined ring mounts 67 that have a contour to accept the
washer and, hence, the ball mount spherical surface shape.
The ball joint 65, washers 66, and ring mounts 67 are all
located within the mounting dome fingers 63 and held 1n
place by a fastener 68 passing through all components. In
order to insure proper fit-up and tightening of the bolt,
spacer washers 69 are located between the bolt head 68a and
mounting dome finger 63 and nut 68b and mounting dome
finger 63. The transition duct 60 1s mounted to the turbine
casing 80 with bolts and nuts through two bolt holes 70 1n
central bracket 64. This configuration 1s shown 1n greater

detail 1n FIG. 6.

Referring back to FIG. 5, the three major axes of rotation
are shown. The traditional axis about which prior mounting
systems pivot 1s axis A—A. Not only does the mvention
disclosed herein rotate about axis A—A under thermal
orowth, but the transition duct 60 can rotate about axes
B—B and C—C. Rotation about axes A—A, B—B, and
C—C can occur due to thermal expansion of the transition
duct 60 relative to the turbine casing during operation and
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movement of critical mating surfaces. In addition, move-
ment about multiple axes can be required during on site
assembly of the transition duct 60 to the turbine case 80. Due
to the excessive size of the turbine structure, tight tolerances
among mating surfaces cannot always be held and,
therefore, the capability for adjustment of the central bracket
64 and mating surface 71 to the turbine casing 80 1s the
primary advantage of this invention. This capability can be
especially helpful to the field technicians during the instal-
lation of the transition ducts to the turbine case. An example
of the additional movement allowed with this invention is
shown 1n cross section 1n FIG. 7. For example, a conically-
shaped passage 65a, having a conical angle equal to three
degrees, through the center of the central spherical ball
mount 65 can allow approximately 0.5 inches of movement
at the edge of the transition duct exit frame 72 (see FIG. 4).
The conical angle and size and fastener diameter can be
modified, depending upon the amount of movement required
for various transition ducts and gas turbines.

Referring now to FIG. 8, a double truncated cone 82
represents the passageway through the central spherical ball
mount relative to the fastener 68. CL represents the center of
the central spherical ball mount. The diameter of the fastener
68 1s sized to movably contact at the very center of the
conical passageway. This permits rotation around axis A,
which runs through the fastener 68. Because of the conical
shape of the passageway on both sides of 82, additional
movement of the central spherical ball mount relative to the
fastener 68 1s permitted along the B axis and along the C
axis, thus providing for three different degrees of freedom
between the central spherical ball mount and the dome
fingers. The distances and diameter of the cone and the
diameter of the fastener can be varied to adjust precisely the
amount of movement permitted 1n each direction. The
fastener 1s further tightened against the fingers to make a
very snug fit to reduce vibration concerns, while still per-
mitting thermal expansion during operation.

The 1nstant i1nvention has been shown and described
herein 1n what 1s considered to be the most practical and
preferred embodiment. It is recognized, however, that depar-
tures may be made therefrom within the scope of the
invention and that obvious modifications will occur to a
person skilled 1n the art.

What 1s claimed 1s:

1. A support system for attaching the aft end of a gas
turbine transition duct to a turbine inlet housing to provide
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three degrees of freedom of relative movement between the
duct and the turbine inlet comprising:

a) a base member contoured to an outer wall of the
transition duct member and rigidly attachable thereto;

b) said base member further including rigidly attached
fingers;

c) a support assembly including:

a central bracket having a central spherical ball mount
at one end connected within said base member
fingers, providing three degrees of freedom of move-
ment between the base member and the central
bracket and a mounting surface at the other end for
mating the transition duct to said turbine inlet;

a pair of contoured washers sized to mate to said central
spherical ball mount and constructed of such mate-
rial as to absorb wear from said spherical ball mount
due to vibrations;

a pair of contoured ring mounts to accept said con-
toured washers and spherical ball mount sized to fit
between said contoured washers and said fingers;

an 1nterconnecting fastener fitted through said fingers,
contoured ring mounts, contoured washers, and cen-
tral spherical ball mount for retamning said central
spherical ball mount with three degrees of freedom,;

said 1nterconnecting fastener configured such that a
force maybe applied to said fingers and contoured
ring mounts to resist said motion of said central
spherical ball mount with three degrees of freedom.

2. The support system of claim 1, wherein said intercon-
necting fastener includes a through-bolt and retaining nut
assembly to apply a force on said support system.

3. The support system of claim 1, wherein said movement
about multiple axes 1s accomplished by a conical-shaped
through-hole having a conical angle 1n said central spheri-
cal ball mount, which allows movement of said central
spherical ball mount around said interconnecting fastener.

4. The support system of claim 3, wherein said conical
angle 1s not to exceed 10 degrees.

5. The support system of claim 1, wherein said base
member 1s welded to the outer wall of the aft end of said
transition duct.

6. The support system of claim 1, wherein said central
bracket 1s constructed of multiple pieces.
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